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COMPUTATIONAL FLUID DYNAMICS OF A CENTRIFUGAL HEART PUMP AS BIVENTRICULAR ASSIST DEVICE(BVAD) 
DC SIN, ACC TAN, N KELSON and G CHADWICK 
Currently, implantable LVAD using centrifugal blood pumps are being developed and 
are seeing clinical use in many institutions, but LVAD implantation may cause liver 
dysfunction and multiple organ failure. In the design of centrifugal VADs, it is especially 
important to eliminate blood stagnation at the back gap of the impeller. Flow stagnation 
within the gap region between the rotating impeller and casing may lead to thrombus 
formation.  To overcome stagnation of secondary flow, certain centrifugal blood pumps 
have washout holes located in the impeller to generate circulatory blood flow inside the 
pump. Excessive leakage flow will lead to low pump efficiency. The objective of the 
preliminary study is to predict volumetric flow rates and velocity profiles in the gap 
region of Bi-VAD at different rotational speed. A functional relationship of the leakage 
flow in terms of the rotational speed can help to predict the leakage flow rate at other 
INTRODUCTION 
MATERIALS AND METHOD 
The proposed pump has a single rotational speed and 
the difference in pressure is achieved by incorporating 
different impeller vane diameters and profiles on the 
left and right sides. The double-sided impeller con-
figuration also eliminates areas of low flow or stagnation often found beneath conven-
tional  single-
sided  centrifugal 
blood  pumps, 
significantly 
reducing  the 
potential  for 
thromboembolic 
events. 
 
 
 
 
 
 
The CFD model therefore consists of the 
region around the gap between the impel-
ler hub and the pump housing. A simplified 
schematic of the solution area and the 
cylindrical coordinate system are provided in Figure 2. The simplified model contains a 
rotating wall, which has angular velocity ω, and a stationary wall, radii R1 and R2, 
respectively. The walls have an inner radius R1 and an outer radius R2. They are 
separated by a distance h. The rotating wall has an angular velocity ω. 
 
CONCLUSION 
Pump Structure 
 
 
 
 
 
 
 
 
 
 
 
 
At 1800 rpm, the leakage flow rate in the casing-hub 
gap was equivalent to 0.895 L/min, which is equal to 
17.9 % of the inlet flow of 5 L/min.  
On the other hand, the leakage 
flow rate was found to be 0.724 L/
min at 2000 rpm. The leakage flow 
rate was 14.4 % of the inlet flow in 
figure 6. The flow rate through the 
leakage flow path depends on the 
variation  in  rotational  speed. 
Therefore, the flow rate decreases 
as the rotational speed increases. 
The  CFD model  was  generated  using 
GAMBIT, and the model contained about 
160 000 cells. For calculation of the flow 
field, the commercial CFD code FLUENT 
was employed  to  solve  the  Reynolds-
averaged Navier-Stokes equations. In this 
study, fluid was assumed to be Newtonian 
with  a  viscosity of  0.0036 Pas  and a 
density of 1059 kg/m3 .  
 
 
 
 
One of the new features of the Bi-VAD model is 
leakage flow path between an impeller hub and 
the pump housing.  Enhancement  of  washout 
effect due to secondary flow generated between 
LVAD and RVAD. A schematic diagram of the 
flow path is shown in figure 4. The main focus of 
this study was to assess the effects of variations 
in impeller rotational speed on the leakage flow, 
thus, volumetric flow rates and velocity profiles in 
the gap region was analysed at 1800 rpm, 2000 
rpm, and 2200 rpm. 
 
 
Figure 4 presents radial velocity distributions plotted as a 
function of the gap height at RVAD gap region. Velocity 
profiles against different rotational speeds. The values of the radial velocity component were about -
1.5 m/s near the housing and about 0.1 m/s near the impeller at A-A plane under 2000 rpm.   
 
 
Velocity distribution 
  LVAD   RVAD 
Parameter Design values 
Design pump Head   100 mm Hg (13.3 kPa)   20 mm Hg (2.66 kPa) 
Design flow rate   Q = 5 L/min   Q = 5 L/min 
Impeller diameter   D = 50 mm   D = 25 mm 
Design speed (rpm)   N = 1,800 ~2,200   N = 1,800~2,200 
Number of vanes   n = 6   n = 6 
Impeller /casing gap   0.5 mm   0.5 mm 
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Leakage flow rates 
In this article, numerical analysis is used to determine the functional relationship between 
leakage flow rate and rotational speed. It was found that the leakage flow rate varies almost 
linearly with the rotational speed. The CFD analysis was carried out to analyse the secondary 
flow in terms of velocity profiles and flow rates through the narrow clearance region.  The 
volumetric leakage flow rate was found to be approximately 14.4 % of the inlet flow at 2000 rpm. 
The leakage flow path is designed to provide a washout mechanism that reduces the recircu-
lation duration of the blood in the gap between impeller hub and casing for a double output 
centrifugal artificial heart pump for use as a Bi-VAD.   
In order to achieve a good washout effect and establish anti-thrombogenicity in the magnetically 
suspended Bi-VAD blood pump system, it is necessary that the operating speed should 
decrease. 
Fig. 1— Schematic of BVAD pump 
CFD & Data analyses 
Fig. 2— CFD model of leakage path 
Fig. 3— Analysis regions 
RESULTS AND DISCUSSION 
Hub
surface
Casing
surface
r/h = 0 means the hub wall surface,
r/h = 1 means the stationary wall surface.
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Z, nondimensional radial distance from the RVAD volute
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Fig. 4— Velocity profiles 
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Fig. 4— Leakage flow  retes 
